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To understand physical phenomena of ship maneuvering deeply, a numerical study based on computational fluid dynamics is
required, A computational method that can simulate the interaction between the ship hull, propeller, and rudder will provide informative

local flows during ship maneuvering tests, The analysis of local flows can be applied to improve a physical model of ship maneuvering
that has been widely used in maneuvering simulations, In this study, the numerical program named as WAVIS that has been
developed for ship resistance and propulsion problems is extended to simulate ship maneuvering by free—running tests, The
six degree—of—freedom of ship motion is implemented based on Euler angles and the overset technique is applied to treat the
moving grid of ship hull and rudder, The propulsion force due to a propeller is calculated by a panel method that is based on
the lifting—surface theory, The newly extended code is applied to simulate turning and zig—zag tests of KCS and the comparison

with the available experimental data has been made,
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Fig. 9 Time histories for 20°/20° zig—zag test to port side

Table 6 Characteristics of 20°/20° zig-zag test to port side

Time to | Overshoot | Max. yaw | Max. roll
check yaw| angle rate angle
X U/l | [deg.] | X L/Up | I[deg.]
WAVIS 2.09 25.68 -0.39 15.17
Tst ~
overshoot Exp. 2.00 24.40 0.39 16.80
D% -4.68 -5.24 0.00 9.70
WAVIS 1.96 24.70 0.43 -14.22
2nd ~
overshoot Exp. 1.74 20.00 0.39 14.30
D% -12.72 -23.49 -10.13 0.56
60
’;'n 40 > == Rudder angle N
S 20— NG A h
© 5 / \\ \\ ,/ /,f . /
_‘g o \ \,/ P \ N
> 40H "7 Exp N
WAVIS Yaw angle
-60 3 10 15 20
t/(L/U)
(a) Yaw and rudder angle
0.6
04F P
~ 027\ 2 N
g 0 \\ v .
o2 N S
0.4} S =s2
0.6 10 15 20
1/ (L/U,)
(b) Yaw velocity
20
10 —  —
3 0F N <
[==8 AN /7 ‘\\
-10 S 77 g
20 10 13 20
t/(L/U,)
(c) Drift angle
30

O (deg.)
e 2
X
J
A
{
i
1

20 F
-30 10 13 20
t/(LU,)
(d) Roll angle

Fig. 10 Time histories for 20°/20° zig-zag test to starboard

Table 7 Characteristics of 20°/20° zig-zag test to starboard

Time to | Overshoot | Max. yaw | Max. roll

check yaw| angle rate angle
X U/l | [deg.] X L/Ug | [deg.]
1 WAVIS 2.00 24.92 0.38 -15.19
S
! Exp. 1.90 23.20 0.40 -16.90
overshoot
D% -5.39 -7.41 5.00 10.12
; WAVIS 2.09 26.67 -0.50 14.91
2n
overshoot Exp. 1.80 21.60 -0.56 13.70

D% -15.83 | -23.47 10.89 -8.83
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